The geomagnetic field consists of temporal variations induced primarily by the variations in the interplanetary magnetic field. This paper attempts to develop the latitude profile of fluctuations in the geomagnetic field for 34 observatories across the Earth during solar cycle 23 (1997-2008). It is noticed that the disturbance content is low for equatorial stations and high for auroral stations. We show that the latitude profile of disturbance exhibits 'Knee' behaviour, 20 with the fluctuation content rising sharply beyond this critical latitude. The threshold latitude beyond which the stations are subject to high geomagnetic disturbance and hence become increasingly susceptible to associated geo-electric hazard is precisely determined near 52° latitude. The pattern of increasing geomagnetic fluctuations however ends around the auroral oval beyond where singular variations are observed.
Introduction
Magnetic fields pervade the entire universe. The Earth has its own magnetic field called the geomagnetic field. The 5 geomagnetic field varies over time and space. The study of these variations facilitates a better understanding of the mechanisms that cause them. The Earth's magnetic field can be approximated to a dipole embedded within the earth (Gilbert, 1600) . The improvement made by Gauss in 1839 on the dipolar model of geomagnetism was a quantum leap from status quo considering the fact that the mathematical base he introduced in the 19 th century holds even today in spite of later advancements in theories of origin of geomagnetism including the dynamo theory. Besides its spatial variations, the 10 geomagnetic field varies at different time scales ranging from seconds to millions of years (Constable and Constable, 2004) .
The long term variations are due to the changes in the dynamo region within the Earth. The short duration fluctuations are due to the current systems in the atmosphere and the magnetosphere (Courtillot and Mouel, 1988) . This paper explores short term variations in the geomagnetic field in the light of the specific consequences of such fluctuations on technological systems. 15
Geomagnetic disturbances induce currents in technological systems such as electric power transmission grids, telecommunication cables, oil and gas pipe lines and signalling systems (Boteler et al., 1998) and are referred to as geomagnetically induced current (GIC)'s. Kappenman (2003) has reported that damage sustained by electric power grids due to induced currents resulting from geomagnetic disturbances first affect the auroral regions and extend up to the midlatitudes and low-latitudes. 20
Methodology
The amount of fluctuations in the geomagnetic field is gauged by employing the daily Vertical Variance (VV) method. The VV is the modified general and simpler form of the VV index reported by Abraham et al. (2010) , which followed from the attempts to precisely determine the degree of disturbance in various time series data sets of geomagnetic field and IMF. The linear relationship between disturbance content in geomagnetic field and IMF was established therein. 25 Ann. Geophys. Discuss., https://doi.org /10.5194/angeo-2018-62 Manuscript under review for journal Ann. Geophys. 
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X B and X A are the extreme time limits of the period for which the VV is being determined. The VV is the root mean square of the variation in the dependent variable in the data under assessment. The values of the independent variable ( x)
are not involved in the computation of the VV and its utility is limited to determining the number of samples of the 10 dependent variable over which the averaging is performed in Eq. 1. The VV is used in this paper in place of the VV index used in Abraham et al. (2010) so that mixing of units is avoided and universality is maintained.
While determining the daily VV of geomagnetic data, 24 hour temporal limits are applied to minute data obtain from WDC, Kyoto. In this instance, the VV is essentially the root mean square of the daily variation in the horizontal component of geomagnetic field, B. The expression for determining VV is thus modified. 
The VV quantifies the amount of temporal variations in any time series. The VV being of daily nature, aberrations due to quiet-time S q variations are minimal.
20
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Analysis
The averages of the daily VV values of various geomagnetic stations for the years from 1997 through 2008 are analysed here to determine the extent of geomagnetic disturbance characteristic of these stations. These estimates serve as measures of geomagnetic stress endured by the analysed stations. This analysis also leads to a very definite latitude profile of 5 the disturbance for various geomagnetic stations. The threshold latitude above which the stations tend to be more disturbed and are subject to enhanced Geomagnetic Induced current (GIC) risk is precisely estimated from this profile.
The absolute geomagnetic field data for the stations given in Table 1 23 (1997-2008) .
In terms of the GM latitude, 9 stations belong to the low-latitudes, 16 to the mid latitudes and 9 to the high latitudes.
The VV values of the horizontal component of the geomagnetic field are determined for all the 4383 days of the years 1997 -2008 for all the above stations. These mean values are used to categorize the geomagnetic stations. Table 3 . The solar wind speed data obtained from the ACE data center are given in Table 4 . Group averages of the yearly VV values of the four different categories of stations in Table 3 and the solar wind speed in Table 4 
Spatial disturbance marking
It is evident from the mean value analysis that high latitude stations have a distinctly high value of VV over and 15 above the low latitude stations clearly indicating a relatively disturbed GM field. Each station has a very distinct VV disturbance marker values during the entire solar cycle and through the analysed years. The Iqaluit station has already been noted as the most disturbed one. Considering the entire solar cycle, the Kakadu station which has a GM latitude of -21.34˚ has been found to be least disturbed. The most equator-ward station of Ascension Island also has a very small disturbance value of 20.17. These figures point to a coupling between the IMF and GM field, strongest at high latitudes and weakening 20 towards the low latitudes.
Beyond this general observation, each GM station is disturbed to different extents, as indicated by differing VV values. A disturbance marker intends a pictographic representation of the level of GM disturbance borne by each station. 
On determining the intersection of these two linear best fits (between quiet and pre-auroral stations), the threshold 10 latitude which offsets the geomagnetic disturbance is located. Solving equations (3) and (4), this threshold GM latitude is obtained as 50.06˚ using data for the year 2000.
Similar analysis is performed using entire data for solar cycle 23 (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . The plot of the mean VV values against the absolute GM latitude using the data is shown in Figure 4 
On determining the intersection of the two linear best fits, the threshold latitude is located. Solving equations (5) and (6), the threshold GM latitude is obtained as 52.34˚ using data for the solar cycle 23. This value is in close agreement 20 with the value of 50.06˚ obtained for the year 2000.
Results and discussion
The disturbance in the IMF may be treated as the common antecedent factor of disturbance for all geomagnetic stations. Vokhmyanin and Ponyavin (2012) and the IMF. The value of the geomagnetic field VV resulting from this analysis is a measure of the fluctuations, the disturbance to which a geomagnetic station in subject.
Two remarkable features of the latitude profile of geomagnetic disturbance is brought forth and explored in this analysis. First, there is a sharp increase in the disturbance content at the threshold or 'knee' latitude. Secondly, the disturbance content peaks at the auroral oval with singular changes beyond. The magnetic field lines have a trapping 5 geometry in the vicinity of the auroral oval where there is a concentration of such lines owing to the dipolar nature of the geomagnetic field (Milan, 2007) This work utilises the VV values to gauge geomagnetic disturbance and confirms the specific extend of disturbance to which each geomagnetic station is subject. The daily, monthly and yearly disturbance level of each station is determined 5 from the VV values, the yearly and solar cycle averages published herein. It is evident that stations at higher latitudes are more disturbed than those at low latitudes. There is a threshold GM latitude at which the disturbance level begins to rise sharply exhibiting 'knee' behaviour. This threshold latitude has been determined to be at 50.06˚ for the year 2000 and 52.34˚
for the solar cycle 23, the two results being in close agreement. It can thus be concluded positively that at GM latitudes above 52˚ the geomagnetic field is more disturbed, these disturbances leading to increased geo-electric risk. Tables   Table 1 The name, ABB code, geographic latitude, geographic longitude and geomagnetic latitude, and the absolute geomagnetic latitude of the analysed stations. Table 3 The yearly means of VV values of selected stations from 1997 through 2008 and their latitude category VV averages. 5 Table 4 The year averages of the solar wind velocity for the years from 1997 through 
Figure 4
The plot of the average of VV values and the best fits of the analysed stations for solar cycle 23 against absolute GM latitudes.
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